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Light Dark Matter 
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positrons
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JLab/INFN
(on behalf of JPOS Collaboration)

Outline 
• Physics motivations
• Work plan & paper
• Snowmass  expected outcome
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A’ Production mechanisms - e±

The Weizsacker-Williams approximation (A’-strahlung)

• The incoming electron ‘see’ a fast-moving cloud of effective photons to scatter from 
• Photons are almost on-shell (low Q2) → transverse photons ~ e- γReal scattering
• Same treatment as the regular bremstrahlung
• Regularisations occurs in the case of interest MA’ >> Me- 
• Effective photon flux χ is critical, accounting for nuclear effect using FF

• NON-RESONANT 
annihilation

~ ε2 α2

• RESONANT 
annihilation

~ ε2 α

• Two-body process
• A’ forward-peaked 

along e+ direction 
• EA’ = ER = m2A’/2me

• A’  along (e+e-) 
direction 

A’ Production - positrons 

~ ε2 α3

• Known and used 
• Collider (missing mass experiments)
• Thin target experiments (visible decay) 

e+e- ➞ g’ g ➞ mm g
➜ BABAR, BELLE, KLOE, CLEO
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e+ annihilation on fixed (thin) target - invisible -
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Missing mass search:
• Independent of A’ decay mechanism
•Bump hunt (monophoton@collider)

• Need a positron beam
• Limited MA’ accessible

•1 GeV beam: MA’ < 31 MeV
•5 GeV beam: MA’ < 71 MeV

• Beam: e+ form LNF LINAC, 550MeV, multiplicity ∼ 20k e+/
bunch, bunch duration 250 ns, frequency 49 Hz.

• Diamond active target 100 μm thickness: position, size and 
intensity of incoming beam

• Dipole magnet of 0.45 T to deflect charged particles out 
calorimeter

• Plastic scintillators veto system + high energy positron veto 
in order to detect charged particles bent by magnet

• Electromagnetic calorimeter (ECAL) composed of 616 BGO 
crystals 

• Small angle calorimeter (SAC) composed of 25 PbF2 crystals

• Already collected 5 1012 POT (expected 1013 POT)

PADME@LNF
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e+ annihilation on fixed (thin) target - invisible -
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LNF

Cornell • Ee- = 5.3 GeV
• EOT ~ 1017 - 1018 year-1

Cornell

• Ee+ = 550 MeV
• EOT ~ 1013 - 1014 year-1

VEPP3 • Ee+ = 500 MeV
• EOT ~ 1015 - 1016 year-1

JLab
(future)

• Ee- = 11 GeV
• EOT ~ 1018 - 1019 year-1
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PADME@JLAB

• Main limitation: limited energy in the CM ~ sqrt(Ebeam)
• High energy positron beams are not (yet) available
• The highest energy at JLab (~11 GeV) Max MA' ~ 106 MeV

Reusable PADME components:
• Target - PADME carbon target can be installed at CEBAF
• Calorimeter - PADME Ecal meets all requirements of the 

experiment (energy resolution, angular resolution, size)
• Veto System - technology and front-end electronics from 

PADME veto can be reused
New equipment:
• DAQ system - suitable for a CW beam
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Positrons@beam-dumps
• An electromagnetic shower is a powerful source of positrons!

for RESONANT annihilation 
and Γ smaller than T+ variation

Track-length T+(E) : integral of positron fluence over the beam-dump volume 
• density of particles in the volume
• path length of a positron in the BD with energy between E and E+dE
• I+e = differential energy distribution (positron current)

T+(E) can be evaluated analytically or by 
simulations (GEANT4) sampling the 
shower profile at different depth in the 
BD

20 GeV electrons on Al

Good agreement 
(high energy) with  

analytical 
calculation by Y. 

S. Tsai and V. 
Whitis, Phys. Rev. 
149, 1248 (1966)

GEANT/FLUKA
Analytical model
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Effects on current exclusion limits (BD - invisible)

Present …
• E137 and NA64: null results interpreted as invisible decay search
• No showering effects included

• Missing energy exp (e Z ➝ e Z’ A’ with A’ ➝ invisible)
• 100 GeV SPS electron beam at SPS
• Active target (calorimeter)
• Exclusion plots based on 3x109 EOT

NA64@CERN

 … and future BD experiments
• LDMX: missing momentum exp proposed at SLAC-LCLS-II 4 GeV e- 

beam
• BDX: beam-dump exp proposed at JLAB 11 GeV e- beam with 1022 

EOT in 1y run

Inclusion of e+ annihilation lowers the exclusion limits by x10 
in 20 MeV < MA’ <40 MeV

Dashed: A’-strahlung
Continuous: positron annihilations
Dark grey: extended reach
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e+ annihilation on fixed (thick) target - invisible -

• Active beam-dump experiment (á la NA64 but with positron!)
• Clear signal (peak!) due to the annihilation: MA’ = Sqrt(2 me Emiss)
• Missing energy exp (e+ Z ➝ e+ Z’ A’ with A’ ➝ invisible)
• 11 e+ beam, low current
• Active target (calorimeter)
• Exclusion plots based on 1013 POT
• Detector: ECAL to measure e+; HCAL to veto

HCAL
ECAL
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Workplan

Explore existing secondary positron beams at Jefferson Lab

Write e LOI/Proposal for JLab PAC49 for 
primary/secondary beams 

Completion

✴ JPOS has strong potential to search for LDM in a new way
✴ Contributed paper ready for June 2021 (target)
✴ Between now and Snowmass: define the JPOS program with primary (future) and 

secondary (near) positron beams at JLab
✴ Expected Snowmass outcome: 

 recognise the great potentiality of light dark matter searches by using positron beams   

in progress

Adapt the existing equipment to JPOS program

in progress

Study a JPOS program with an optimised e+ beam (future)

in progress

in progress

By June 
2021

Start an R&D program (detector and simulations) to assess 
the best detector technology, background, … future After June 

2021


